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the UninvitedIn selective autophagy, autophagosomes sequester specific targets to be
degraded in lysosomes/vacuoles. A new study now provides critical insights
into the mechanism by which the autophagosomal membrane closely sticks
to the target to avoid incorporating material that should not be degraded.Hitoshi Nakatogawa
and Yoshinori Ohsumi
Autophagy is a self-degradation
system equipped in eukaryotic cells
[1,2]. It delivers a wide range of
intracellular material, including whole
organelles such as mitochondria, into
lysosomes (in mammals) or vacuoles
(in yeast and plants), which contain
various hydrolases including
proteases, nucleases, lipases, and
glycosidases. Therefore, autophagy,
in principle, serves as a degradation
system for most biological
macromolecules. In the process of
autophagy, small, flattened membrane
vesicles called isolation membranes
(or phagophores) are formed,
and these expand while engulfing
degradation targets, and finally close to
become double-membraned vesicles
called autophagosomes. The outer
membrane of the autophagosome then
fuses with the lysosomal/vacuolar
membrane, leading to degradation of
the inner membrane and the contents.
Autophagy was discovered by
electron microscopy of cells under
nutrient-deprived conditions, in which
autophagosomes sequestered random
portions of the cytoplasm [3,4].
Since then, autophagic degradation
had long been regarded as bulk
and non-selective, and this property
was reasonable considering
its physiological role, providing
degradation products as nutrients
under starvation conditions. However,
we now know that autophagy is more
useful; it can also selectively degradevarious targets, including protein
aggregates, damaged mitochondria,
and even intracellular pathogens. This
type of autophagy is called selective
autophagy and has been studied
extensively in recent years given its
involvement in human diseases [5–8].
In most cases, selectivity is determined
by receptor proteins that play dual
roles in enwrapping targets by the
autophagosomal membrane. First,
receptor proteins recognize a specific
target and recruit the machinery for
membrane formation to the target.
Secondly, when the isolation
membrane is thereby formed, receptor
proteins also bind to Atg8 family
proteins on the membrane to link the
target to the membrane. Consequently,
in at least some cases, targets are
exclusively enwrapped (without
incorporating other cytoplasmic
material) by the autophagosomal
membrane. A new study by
Sawa-Makarska et al. [9] now provides
critical mechanistic insights into these
functions of receptor proteins: how
they act only in the presence of
their targets and how they achieve
exclusive sequestration of the targets
into the autophagosome.
These authors started with an
analysis of the interaction between
Atg8 and Atg19, a receptor for
the most well-studied, selective
autophagy-related pathway — the
cytoplasm-to-vacuole targeting (Cvt)
pathway in the budding yeast
Saccharomyces cerevisiae [10]. Atg19
binds to a large assembly of the
vacuolar peptidase Ape1 and triggersits exclusive sequestration into the
autophagosome [11]. Previous studies
established that autophagic receptors,
including Atg19, interact with Atg8
family proteins via motifs named the
Atg8-family interacting motif (AIM)
or the LC3 (a mammalian Atg8
homolog)-interacting region (LIR)
[5–7,12]. Atg19 recognizes Ape1 with
a coiled-coil domain in the central
region and the AIM is localized at the
carboxy-terminal end (Figure 1) [13,14].
The authors analyzed interactions of
truncated Atg19 variants with Atg8,
and they found that truncation of
the coiled-coil domain enhances
the Atg19–Atg8 interaction [9]. This
suggested that, in the wild-type
protein, this domain inhibits the binding
of the carboxy-terminal region to
Atg8. Since the coiled-coil domain is
responsible for Ape1 recognition [13],
the authors reasoned that Ape1 might
relieve this inhibition, and they showed
that this was indeed the case; Atg19
bound to Atg8 with a much higher
affinity in the presence of Ape1
(specifically, an Atg19-interacting
region of Ape1) [9]. In the Cvt pathway,
the assembly of the machinery for
membrane formation requires both
Atg19 and Ape1 [15]. The enhancement
of the Atg19–Atg8 interaction by Ape1
may represent part of this mechanism.
The receptor–Atg8 interaction may be
regulated by targets in the initiation of
other selective autophagy pathways
as well. In addition, if the interaction
of receptors with Atg8 on the isolation
membrane also depends on targets,
this would be beneficial to prevent
a receptor from being degraded
wastefully in the absence of the target
or from unnecessarily competing with
receptors that mediate sequestration
of other targets for Atg8 on the
membrane.
On the other hand, the authors
unexpectedly found that Atg19 lacking
the previously identified AIM at the
carboxyl terminus still interacts with
C
NAtg19
Coiled-coil
AIM
Cryptic Atg8-
binding sites
Ape1
assembly
Atg8
Ape1
Isolation membrane
Current Biology
Figure 1. Model for target-induced receptor
binding to Atg8 in the Cvt pathway.
Ape1 binding to the coiled-coil domain of
Atg19 allows newly identified sites (red),
in addition to the known AIM (orange), to
interact with Atg8 molecules on the isolation
membrane. This unique binding property of
Atg19 may contribute to the tight association
between the Ape1 assembly and the isolation
membrane, leading to exclusive enwrapping
of the Ape1 assembly by the membrane.
Dispatch
R561Atg8 [9]. This indicated the existence
of an additional Atg8-binding site(s) in
Atg19. Actually, the authors identified
two new sites for Atg8 binding in an
Atg19 region between the coiled-coil
domain and the carboxy-terminal AIM
(Figure 1). Mutations in these sites
reduced the Atg19–Atg8 interaction,
and a combination of these mutations
with a mutation in the carboxy-terminal
AIM almost completely abolished
the interaction. Analysis of a
chimeric protein between Atg19 and
its homolog Atg34 [16], which contains
the carboxy-terminal AIM but not
additional Atg8-binding sites, also
suggested that Ape1 enhances Atg8
binding to newly identified sites in
Atg19 rather than the carboxy-terminal
AIM [9].
In the same study, Sawa-Makarska
et al. [9] also succeeded in examining
the Atg19–Atg8 interaction on the
membrane using giant unilamellar
vesicles (GUVs). Atg8, a ubiquitin-like
protein, is anchored to the isolation
membrane via conjugation to the
lipid phosphatidylethanolamine [17].
This conjugation reaction is mediated
by a ubiquitin-like system composed
of specific E1, E2, and E3 enzymes [17].
Previous studies established an in vitro
reconstitution system for this reaction
using recombinant proteins and
small liposomes or GUVs containing
phosphatidylethanolamine [18–20].
The authors observed using
fluorescence microscopy that
Atg19 was recruited to the GUV
membrane in which the Atg8–
phosphatidylethanolamine conjugate
had been formed [9]. In agreement
with the aforementioned results
regarding the Atg19–Atg8 interaction in
solution, the recruitment of Atg19 to
Atg8-coated GUVs was impaired by
mutations in the carboxy-terminal AIM
and in the newly identifiedAtg8-binding
sites in Atg19. Moreover, when small
beads coated with the Atg19-binding
region of Ape1 were mixed with
Atg8-coated GUVs in the presence of
Atg19, the authors observed that the
beads were closely enwrapped by
the GUV membrane: Atg19 mutants
defective in Atg8 binding could not
cause this phenomenon.
Finally, Sawa-Makarska et al. [9]
showed that the Cvt pathway was
partially impaired by mutations in the
newly identified Atg8-binding sites
in Atg19 as well as mutations in the
known AIM, and the pathway was
totally abolished when these sites weredisrupted simultaneously. Therefore,
multiple binding sites for Atg8 in Atg19
are required for the Cvt pathway.
Importantly, the authors also showed
that one Atg19 molecule can bind to
about four Atg8 molecules at the
same time [9]. Based on these
results, the authors proposed that
cumulative force generated by this
unique property of Atg19 in Atg8
binding tightly links the Ape1 assembly
with the isolation membrane, which
may be sufficient to bend the
membrane along the surface of the
Ape1 assembly and thereby ensure
exclusivity in target sequestration
during the Cvt pathway (Figure 1).
Thus, Sawa-Makarska et al. [9] have
provided new perspectives in the
study of the function and regulation
of receptor proteins in selective
autophagy. Their data have also raised
related issues: how does Ape1 binding
to the coiled-coil domain of Atg19
relieve the autoinhibitory effect on
Atg8 binding in the carboxy-terminal
region? While the AIM binds to highly
conserved hydrophobic pockets of
Atg8 [12], how do the newly identified
sites interact with Atg8? (One is a
little similar to the canonical AIM
sequence, but the other is totally
different [9].) Although the authors
argued that exclusivity in selective
autophagy is important to avoid
collateral degradation of non-target
material [9], its physiological
significance remains to be examined
experimentally. For this purpose, it
would be necessary to obtain receptor
mutants that allow incorporation of
the cytoplasm. (The authors examined
yeast cells expressing an Atg19
mutant by electron microscopy,
but unfortunately, the isolation
membrane was not formed in these
cells [9].)
Obviously, it is also important to
investigate whether mechanisms
revealed for the Cvt pathway are
working in other types of selective
autophagy. While the authors showed
that Ape1 binding enhances Atg19
interaction with Atg8, some targets
may promote the interaction of
receptors with other proteins, such
as the adaptor/scaffold protein Atg11,
which recruits the machinery
for membrane formation to the
receptor–target complex in selective
autophagy in yeast [10]. As the authors
discussed [9], tight association
between targets and the isolation
membrane can be achieved by not onlymultiple binding sites for Atg8 in a
receptor but also by oligomerization
of receptors with a single Atg8-binding
site. It is also tempting to speculate
that post-translational modifications
or other proteins regulate the binding
of Atg8 molecules to multiple binding
sites in receptors and thereby control
the exclusivity of the pathway
according to cellular needs. Future
studies will shed light on these new
issues raised by this study and deepen
our understanding of molecular
mechanisms underlying selective
autophagy.
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Inheritance Drives AdaptationFew facts in biology are more certain than offspring inheriting genetic material
from their parents, but not all genes are acquired this way. A new report
documents the horizontal transfer of a potentially adaptive gene between
distantly related plants.Endymion D. Cooper
It is common knowledge that
individuals inherit features from their
parents. For example, children are
frequently described as having ‘‘his
mother’s eyes’’ or ‘‘her father’s nose’’.
Introductory courses in biology teach
students that mutations produce
genetic diversity and that sorting of
genetic diversity in populations
produces fixed genetic differences and
biological diversity. But are these
processes enough to explain the level
of diversity we see in the living world?
Perhaps not. Pioneering studies
implicating DNA in inheritance also
revealed a different mechanism
through which organisms can acquire
genes [1]. This process, known as
horizontal gene transfer (HGT), is
receiving increased recognition for its
important role in evolution, particularly
in prokaryotes.
A new study by Fay-Wei Li and
colleagues, published recently inPNAS, demonstrates a remarkable
case of HGT between distantly related
plants [2]. Most ferns possess an
unusual photoreceptor, neochrome,
which consists of red-sensing
phytochrome fused to blue-sensing
cryptochome. How ferns came to have
this photoreceptor had remained
an unsolved mystery until, using
data from a large transcriptome
sequencing initiative, Li et al. found
neochrome in another group of plants,
the hornworts. More striking,
however, was the discovery that
fern neochrome was acquired from
hornworts more than 200 million years
after the vascular plants, which
include ferns, and hornworts diverged
from their common ancestor.
Three pieces of evidence suggest
that acquisition of neochrome from
hornworts drove an adaptive radiation
in ferns. First, transfer of hornwort
neochrome to ferns occurred close
to the origin of the angiosperms.
Subsequent diversification of theangiosperms had a profound influence
on the structural complexity of forests
and, not surprisingly, the diversification
rate of shade-loving ferns accelerated
in response [3]. Second, neochrome
is not found in early-diverging,
species-poor, fern lineages [4],
suggesting a relationship between
neochrome and species richness.
Third, ferns that possess neochrome
have enhanced phototropic responses
[4]. Together, these three points
support the hypothesis that HGT
of neochrome enhanced the
photo-sensing ability of ferns and
enabled them to adapt and diversify in
angiosperm-shaded environments.
What makes this HGT event so
interesting is that it happened despite
being fundamentally improbable.
Much like the origin of life itself,
HGT-stimulated adaptive radiation
of ferns could only have occurred at
the intersection of several individually
unlikely events and circumstances.
First, exogenous DNA must have
made its way into a cell and from there,
into its genome (Figure 1A). As a
protein-coding gene, the full open
reading frame must have been
incorporated into the genome in such a
way as to be successfully transcribed
and translated. The translated protein
had to be able to interact with existing
cellular networks to produce a
phenotypic outcome. Next, the mutant
